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This invention relates to clectro-analog model equip-
ment for national economic systems, and more particu-
“lardy to electric devices whose circuits are designed to
bring about eleciric. phenomena which are analogous
with those in a national economy, the inter-relations and
characteristics of the electrical components in such a
circuit being arranged to be analogous with those of the
economic elements because of which dyhamic phenomena,
take place in the operation of the national economy.

National economic phenomena can be construed as’

processes. of dypamic variations in economic quanta of
the elements which are arranged under a national eco-

nomic system and which are inier-related to each other..

Recent research wprks in the field of theoretical eco~
nomics have succeded in formulating such inter-relations
malhematlcally in certain functional re!auonslups

However, it is still difficult to describe thereby. what-

effects would result from variations in an econvmic
quantum’ on all of the other economic quanta in a na-

tional economic system because of mmltitude of the éco-

nomic elements and multiformity of the inter- relat_:ons
theréin established. Further difficulties lie in the investi-

gation of problems relating to the cffects resulting: from. .

variations in more than twu economic quanta on all of
the other economic quanta in‘a national economic system,

because of the multitude and complexity of factors in

the higher orders.

In addition, in the studies of such social phenomena as

in national economy, few experimental processes: aré

available for the investigation, contrariwise to matural-

scientific studies,

These advantages stand as formidable obstacles againist
the applications of results obtained from théoretical
economic studies for economic policies as well as against
studies for further theorétical advancement.

A general picture of a national economic system can bé
represented in funciional relationships mathematically
based on the results obtained in recent studies in theo-
retical economics. Therefore, economic phenomena can
be described electrically since electrical phenomena,
which are aralogous with economic phenomena in such
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of the economic elemeénts i consideration and which
are arranged and combined in analogue in such interlink-
ing relationship as exists in the national economic system,

Another object of this invention is to provide a device
capable of describing national economic phenomena under
optional’ conditions by measuring what effects might be
brought by quantitative dynamic variations in one or
more such electro-analog compenents on the other re-
maining components with an analogue method.

A further object of this invention is to provide a device
that may- be useful for minimizing difficulties in theo-
retical descriptions of natioiial economic phenomana and
also for making preliminary or pilot experimentations for
establishing national economic policies and for theoretical
studies.

For a better understanding of this invention, reference
iz taken- to -the accompanying drawings, whérein Fig. 1
is a diagrammatic representation of & device for consid-
eking a national econoinic systetn showing the inter-
relationships of economi¢ elements thereof for investiga-
tion of dynamic phenomena therein; Fig. 2 is a diagram

" in which the dyfamic intér-relationships in the ecoomic

system as shown in Fig. 1 are formulated mathematically

. in functional relationships; Fig. 3 is a connection diagram
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of an electro-analog device embodying this inventicn, by
means of which dynamic inter-relationships in economic

. phenomena can be described with an electro-analog

method; Fig, 4 is a diagram in which functional relation-

. ships between the elements of the circuit in Fig. 3 are
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formulated mathematically to prove, as will be under-
stood;- that the: electrical circuit is constructed analogouns
with' thé nitional economic system with respect to the

.. functions mathematically given in Fig. 2; Fig. § is a con:
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functional reIanonshlps, are obtainable by means of elec- .

trical circuits. _
This invention embodies privciples whereby, with an

electrical circuit, the components of which are arrahged.

so that electrical quanta in such pari are variad in
analogue with variations in qnanta in the economic ele-
menis in consideration, the interlinking effects 6f various
quantitative variations in the economic elements thereon
can be described by means of such reading devices. as
voltmeters, current meters, oscilloscopes, recorders, etc.
which are connected to such terminals in the electrical
circuit as to develop variations in voltage or current
which are analogous with those in the economic elements,

An object of this invention is to provide a device that
functions in auologﬁe with a national economic system,
the clectrical circuits of the devive imcluding electricdl
components whose characteristics are analogous to those
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hection diagram of an insulated coupler which is included
in:the circuit given in Fig. 3, and Fig. 6 is a connection
diagram of another type of insulated coupler which is
also employed in this circuit.

- An example of a general picture of natmlml economic

‘systcm‘ basmg on which this invention can be émbodied;

is shown in Fig. 1 for -which explanation is set forth
below.: .

A national economic system can be construed in vari-
ous ways as the point of view differs, but it can be out-
Hineéd'as shown in Fig. 1 when the problem is to. investi-
gate quantitative dynamic variations in a national ¢co-
nomic system in the most sisplified scheme. The general
]_chtl.ll’B of a national economic system illustrated in Fig.
1 is based upon the theoretical eaplanations made by
F. V. Hyake relating to ihe production structure and also
those: ntade by J. M. Keypes relating fo the monetary
structure of a pational cconomic system, both of whom
have leading posmons in the field of theoretical eco-
nomics: .

As shown in Fig. 1, a national economic system can be
constriled as consisting: of Capital. Goods Production
Group: PGP, Consumér Goods Produciion Group CGP,
Trading Group COM, Consumer Group CSM, Banking
Or'gait BK and Investment Channels INV, The first three

. groups contain the productivé labours Lay, Lay and I.a;,,

respéctively, which are accompanied by an individual in-
ertia property Uy, U, and Us, and the stocks of goods
Sty; Sty 4nd S¢; respectively, the goods béing the products
from the labours Lay, Tay and Lay respectively. The
consumer group is represented as consisting of the con-
sumption CN having an inertia property 1,.

The inter-connections of such labours, inertias and
stocks in the productive groups (itcluding the trading
group) and the consuming group are shown in Fig. 1
by the dotted lines which represent monetary flow and
by the. solid lines which represent flow of goods, In-
comes from the capital flow production group, con-
sumel goods production group and trading group arc
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aggregated into the national income Y, of which one part
flows as indicated by the arrow S iato the banking organ
BK for saving and the other part flows as indicated by
the arrow C into the consumer group CSM for consump-
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Tt is an essential basis of this invention that dynamic
experimentations and measurements on national eco-
nomic phenomena can be made by means of an electrical
circuit in which, electrical phenomena, which are anal-
ogous to those in the functional relationships in Fig. 2,

tion, 5
The saved part of naticnal income is further directed are obtainable. Referring to the national economic sys-
into the channels of investments INV through the bank- tem mentioned in Fig. I for example, it can be shown
" ing organ BK, and investments are directed into any of the that the operation of an electrical circuit such as shown
productive groups PGP, CGP and COM in the forms in Fig. 3 results in electrical phencmena which can be
of “Antonomous Investment” G, Gq and Gy and “In- 19 expressed as the functional relationships set out in Fig.
duced Investment” Ij, I and Iy respectively. Magni- 4, which stand for those in Fig. 2 completely in ana-
tudes of the induced investments L, I and Iy are in- logue. Therefore, it can be understood that, under op-
fluenced by the acceleration effects Accy, Ace; and Accs | tional conditions, the description of effects, which should
1";51’““"32@ fowhlch :au]:: a mag:inﬂeccll c:.hangelim thri?te be brought about by quantitative dynamic variations in
‘t)ivodelsmnais wl:eim sha.;ng _P:’ ﬂ::era tlen :far d:;lid 1;:; 15 one or more economic elements, on the others, of which
2 . a cuange m { h such a national economic system as shown as in Fig. 1
the goods being produced in a productive stage takes . b de b lectsi L,
place. consists, can be made by means ofane cgtncal circuit
Such functions as set out above may be clarfied fur- such af.; shownhilr;‘Fxf. 31 ar‘;d by ﬂ;"i llr;eas_ur{ng of ana.lo—
thermore by the detail explanations which will be here- o &¢US effects which s Uu_d e caused by similar quantita-
inafter described with reference to Fig. 3. tive dynamic variations in the electro-analog componenis,
The dynamic interrelationships between the economic ~ Of which the electrical circuit consists, of dynamic varia-
elements, which, by way of example, constitute the pa- tions in voltage or current.
tional economic system, can be formulated in such func- The analogous relationships for the corresponding eco-
tional relationships as are mathematically set out in 25 nomic and electrical items are given in Table i with
Fig. 2 from the macro-economic point of view. respect to the symbols used in Figs. 1, 2, 3 and 4.
TABLE 1
Eeonamic Item Electrical Itarmn
Item
Symbel Subjest Symhol Buhbject
L1 OO AR Bupply voltage).
. Rafe of change In flow ufeapih.lgonds 4. é}urmntatan ing
- Feals oot‘mtyor marginal eost against capital Registancs stan S’fﬁi .
LY T Imarti i!:l ta.lgood: duction_.... ... .
8_- - Unit srodgaoann cost ]av%{%l‘::p?tx:l goode_| Ind&mm&&dj{g q{?rl; v
®)-.- Unit proft Jevel in oapital goods produs{ Lt ... Voltags standing for U22-
{6)-.. Unit prics level of capital goods. .. -..... Eb—(u?ﬁ.b:—)-m - Volt,aga standing for P In reciprocal
(e Infleribility of stoek of eapital goods_ .. [ W Capmit.anm standing for S,
- Fl&ws [n and from stock of capital goods, | fo,- ... Ourrent standing for ¢n.
: i ¢
®©)... 11U Amount of eapital goods In stock at the f - J -r .
. o mount il [:4 o foy Chargs standing for o gl
1{¢ 1
(10).. EJ; qﬁxﬁ-ﬁ ------------ Tn dynamic equilibrinm with (6).-.......! é A [N - N In dynamic equilibrium with (8).
an..| a{ e o ). o Rate of shango in income fr tal | & ) T— Y,
( i ) ot prodﬂsegkg, §3.e°ma om capite :( LRk B X gy Power standing for q;(mRﬂ-Ul dz)
[{5:) J [ PP PN er;g:d:s in (1) but regarding consnmer | 7 Current standing for g2
a3 Samadaé in (2) but regarding conswmer | Ry ._._.._._._____________. TReslatanes standing for r2.
4., Bagmedu in (8) hut regarding comsmmer | Ly __ ... ... Induetance standing for Us.
(41 S?.}:d:s in {(4). bot reparding consumer | 3 Voltage standing for gira.
18)... m%g,! --------------------- Samme as in (5] but regarding consumer Voltage standing for U,%UT’
i 1’:+(m+Ur%—)=P:_. Samgd as in (8) but regarding consmmer Voltage standing for 4 in reciprocak
der.
8| S S?edas in (7) bat regarding consumer og{mﬁfmw slunding for Sy
A0, P e Sgg: dsag i (8) bot regarding consumer | fo, .. Current standing for gas.
. X
¢ ¢
.. 120N Sam in (@ but consumer | | foyflencms oo oo 3
{20) J; go:df (8 but regarding mer J;lr:,dl - Charge standing furJ-u gagdt
1 ¢ 1 t
@n.. EJ; L In dynamic equilibtiom with (47y.——-.... é o foydt=Br ... In dynamic equilibrinm with (17).
(22).. m(ﬂsfﬁUq;) ----------- Baéng 28 in (#1) but regarding consumer ia(ﬁﬂﬁﬂn%g; ........... Power standing rarqa(m-%-vd“)
et Bam: b T N
@ gogd:shéﬂ:ga Dunaed B s mmer Hormoee Current standing for ¢
()| PR i Same as (2) but regarding consumer | Ry _.__.___ .. _.__._...._._ Resistance standing for rs,
v, goods belng handled by trading g'roup
[ ) i S et Same as in @) but regardi Inductance standing for Us.
g PO oot peas samiied by badiog gmp, | f
o dea zo0ds befng handled by trading group. Valiage standing for girs.
o] Ugg-semssscscnannennoens| Same as tn (5 but regardiog consmwer | 7,93 " a5
(21), d goods hetng bandled by trading group., L’E‘f """""""""" Veltage abaudu.lg tor Uy
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 TABLE '1—Continued:

'

Eidotrical Ttém'

Eoanomle Item )
Symbol _ Bribject 8ymbol” © Siblect
NS dys | R . ; ‘ L dhy . . -
| P rd-Uh—— ) =P a8 in (8} imt rogarding- consumer _.( . )-. ] tanding Py
(28).-|. rl-(q: - Uy d!) v 8:::9 & " :vh;mhg!fd = : 'gmupér E’. izR.+LrE -1y Voli;agre Ll ndiny f?rs 't in reclprocal
- 1.} T ng CORsum TV S sacity- 1 1 N
s eiog bded b rahog o, by
. B8 ng Ty ammar e e e . N
%000z baing handled by trading group. | Hurent standing for gn
‘gémie 38 i’ (§) but regarding consumar tic,dt_.-.-__.........-._; -Cbiirgs standing for f ‘gndt. N
goods being handled by trading group. o ) 4
I uf | L . : N ¢ : . o . :
@2 s% onn¢!==jl,s------------- In dynamie equilibrium with (28). .. s-- cl—,, Oto,dtsE- ............. In dynamicequitibrinm with (38).
£ dgy N il T 2 dg
i 3 DR 11} but ding consumer = Jivamnron -
| st 7)) Sms ity 0 2 et s |t ) | st 1 v 0
34| @ : Rhto‘nfﬂcﬁungb in flow-of goods o von- [ . . ... _._____ Current standing for gu.
' . samption, . . . )
138)..[ re Reaistf’vitv agalnst consuraption.. .. Registance standiig for ry. .
-530;,_ LS /PN Ipertia in demand - Inductance standing for Uy, .
{37 P.+m%=qm‘=1’¢ ------- ‘Coneumption priceJevel: ... E;—L.%‘-’-'i.Rp-E; Vi;lrtgge- stending’ for Py in reciprocsl
. ) . ) . . order,
e ) Rate of change in'consamption §4_____ .} jaR,. .. _ - .Pow;r standing for g in reciprocsl
J QU2+ EN =Y Rate of changs in vational income, §5. ... | (11)+(22) L E3)=¥ -1 Power staiding lor Y.
JafEn+an) Rate iri shange ko consumption, §8. - Ex((’u + ¢ Power standiigg_fnrul’.

i

; (234 (38) ).

(A= i(11)4-{22)4-(33) Rate of change in saving, §7..-. (o) [0+ G2 Powrer standing for (1—o) 7.
X "

rected to capitsl goods production,

Induced investment directed to espital
goods produetion, .

Acceleration in induecing investment di-
reoted to eonsutner gdods produstion,.

Induced invertment direeted to consumer

. goods production, .~ :

Acceleration In inducing investment di-
rected to trading greup.

Induced “fvestment directed to trading
group. . . . .
Autenomoug investment directed to capi-

tsl goods production.

Autonomons investment directed to con-
sumer goods production,

Capacity of banking organ. . _.....__.... Capecity stading for B
-| Raciprocal of reteof Interest ... __ = Voltage standing for rate of intersst in
. o . reciprocal order.
Moretary flow in or from B.____.____ S - Ourrent standing for go.
Aoceelaratton in induoitng investinent Q- To be set by Racey.

Grid voltageté Vi stinding for I,
‘T bé set by Raeds.
aeid voltage t0' V4 standing for 1.
T be g8t by Baces,.
Grid-voltags to Vi standing for 5.
To be sat by Raud;.
To be et by Rauly,
To be set by Rauly,

Antonomous investment directed to trad-
1ng group. o

. - Notez
T g is'dT?i“whé're Q is amount produced.. Bame as o (12), (22) and (34).

§2. 0ris a;(:., where Q, is amount In stock. Szme as to (10) and (30).

$3. g(gr+L%) s g—:, where y is amount of income, same as to (22) and (33),

g4 pdrids %g: where C'is amount of consumption.

§ 5. Means a

§ 6. Means ai—f, where « is propensity to consuma,

: ;
§7. Means (1—a) 7
8 At a state of equilibrium, #, is; s and i, become equal each other, *
af
: : . LE ia zero, o
10 I Figure 3, it 13 to ba understood that govds and moneya fflow in opposite directions from each other,

Fig, 3 is a connection diagram, by way of example, 65 circnit consists of a multistage direct current circuit, each
of an electrical circuit embodying: this invention and the of the stages being composed of a resistance, an induct-
electrical  functions of this cireuit can be formulated ance and a capacitance and mediated by the, capacitance,
mathematicaily as shown in Fig. 4. Analogous relation- A direct current voltage is supplied to the input terminal
ships between Figs. 1 and 2 and Figs. 3 and 4 will be D.C. and the circuit is loaded with the resistance R,.
understood more clearly by referring to the itemized The first stage in view of the terminals D.C. which con-
collations in Table | and the explanations which will sists of the resistance R;, inductance L; and capacitance
appear later with respect to Fig, 3. C,, stands for the capital” goods - production group

The electrical circuit shown in Fig. 3 is so arranged PGP; the second stage consisting of the resistance Ry,
and connected as-to have -functions analogous with the inductance L, and capacitance’ C, stands for the con-
cotdmic. system- given in Fig. 1. The main electrical 75 samer goods production group CGP; the third stage con-

9. Atastataofequilibrium,

70
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7.

sisting of the resistance R;, Inductance L, and capaci- -

tance Cy stands for- the trading gromp COM; and the
1ast stage consisting of the resistance R, and inductance
L; stands for the consumer group CSM and terminates
this circuit, Vy, Va, Vg and V, are vacoum tubes which
belong to the said stages respectively and their direct
current anode resistances are operated as the resistances
Ri, Ra Ry and Ry respectively.  The resistances R;, Ry
and R; stand for the resistivities which take place against
the productive Iabours (mcludmg both human and me-
chanical labours) in the mspecuve stages, (As general-
Iy noted, resistance there is against any labours at work,
and in an inverse sense, the labour can be defined as
the overcoming of such a resistance. The overconuug
of such a resistance, or disposal of labours, requires an
expense, and a greater resistance requires more expense.)
Such a productive labour is accompanied by an inertia,
and the inductances Li, L, and Ly stand for such an
inertia property in the respective stages. (A greater in-
ertia results in more time elapsing in changing the vol-
ume of the production.) The capacitances C;, C; and
C; stand for the inventory functions for the poods pro-
duced or handled in the respective stages. (A greater
capacitance or inflexibility of stocks results in a greater
stability in the level of the supplies as well as prices

or produoction.) - Further explanation of the functions in
each stage is made ir the following.

(A) Functions of the Ry—IL,—C\ circuit standing for
the capital goods production group PGP

The resistance R, stands for the resistance against the
labour or marginal cost of producing capital! goods and
the electric current #; represents the rate of change in
the flow of capitdl goods, the voltage drop iR, standing
for the umnit production cost for the capital goods, The
rate of change in the flow of capital goods, which ap-
pears in this illustration, means

a0,
r

where Q, is the amount of capital goods produced or
contrariwise

. £
Q1'=J‘0':1di

Therefore the rate of change in the total cost for such
production is expressed by i (#;R;) and the sum of cost
in a certain period is represented by

J:(«;{‘R,)dt

which constitutes majority of the income from such pro-
duction. The capacitance C; stands for the inflexibility
of the stock of capital goods, and the charging or dis-
charging current ig, to or from the capacitance C, rep-
resents the rate of change in the flow of capital goods
to or from the stock, which influences the amount of
capital goods in stock, viz.

. dQe,
= g1
where Q., is the amount in stock or contrariwise
Q= ui.,‘ldt

In addition, it is understood in our modern economy
that price of goods is a function of the amount of the
goods in stock and a determinant for the functional re-
lationship is the inflexibility of the stock. Therefore,
the price level of capital goods P, can be represented
by a functional relationship such as

8§

v
J: Sldt

P]=

i0
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"and the analogous relationship between P, and E, is es-

tablished in reciprocsl order viz,

1 1

‘ B

or vise versa, as the voltage E, being developed across

terminals of the capacitance C; is in such a functional
relationship as

Py

1 ¢,
B = 010135

In an equilibrium state, where

L.liz_'.z{)

and i, =0 at the same time (¥;—i R;), where E; is the
power supply voltage to the terrmnals D.C., becomes
equal to the voltage across terminals of the capacitance
Cy, or Ey—iiRy=F), and this stands for the price level
of capital goods in reciprocal order or for 1/P;.
Assuming now that the load on the R;—L,—C, stage
presented by the following Rp—L,C, stage, which
stands. for the consumer goods production group CGP,

" becomes heavy suddemly for some reason, or that the

2‘.
thereof against a sudden change in level of the demand
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demand for capital goods by the consumer goods pro-

- duction group CGP are increased suddenly for some rea-

son, then the jnitial increase in the current to the Rp—
Ly—C; circuit takes place under the favour of the ca-
pacitance C;, becauss the two circuits are mediated by
the capacitance C, which stands for the stock function
for the capital goods, and no sufficient increase in the
current through the resistance R; can take place until a
certain time elapses according to the magnitude of mo-
mentum due to the inductance Ly, viz. an instantanecus
increase in the production of capital goods is restrained
by the momentum due to the production inertia U,, and
the supply of capital goods to meet the increased de-
mand is made under the favour of the stock Q,, until
the production be raised sufficiently.

The capacitance Cy is so large that while undertak-
ing the supply of the increment in the flow of capital
goods to the consumer goods production group CGF,
no sudden change in the voltage across terminals of the
capacitance C, takes place, viz. no suddent change in
the price level of the capital goods takes place,

However, as the charge in the capacitance C, de-
creases, viz. the stock of capital goods decreases, a volt-
age

d’t]
dt

is induced in the inductance L; and until the current i
increases sufficiently such an induced voltage comple-
ments the lack of equilibrium between (E,—iiR;} and
Ei, viz. the pricewise lack of equilibrium between the
supply and demand is complemented with such an in-
ducement.

Such an equilibrivm relationship can be expressed by
such an equation as

Ei=E,— (’llRl + leh)

and it can be understood that E; is reduced while the
current #; does not increase sufficiently because of the
momentum due to the inductance Ly, as compared with
the level at an equilibrium where the load against the
R;—L,—C; circuit has not yet become heavy, viz. until
the production of capital goods meets such an increase in
demand, the price level of capital goods goes up, and
it can be seen that

L~

diy
L di
stands for an income which is more thar the production
cost, or for a profit. However, if no change takes place



